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ABSTRACT

Objective. The aims of this study were to assess whether colostrum quality is modified by genetic, 
physiological and management characteristics in the pre-partum period, as well as evaluate whether 
quality and composition of colostrum is altered in the freezing process. Material and methods. 
In the experiment I, colostrum and blood samples of 35 cows (18 Holstein and 17 Jerseys) were 
collected. In the experiment II, six colostrum samples of Holstein cows were collected and frozen 
during 60 days. Results. The mean immunoglobulin (Ig) concentration was 77.65 mg/ml to Jersey 
and 82.77 mg/ml to Holstein. The genetic, parturition order, and the interaction between these factors 
were no significant on IgG concentration in the colostrum. Also, it was observed an effect genetic of 
cow in the weight on calf at birth and on three days of age (p<0.0001). Regarding transmission of 
calf passive immunity, no effects of cow breed and calving order were observed on plasma protein 
concentration of calf, as well as after three days of freezing. Calves of Holstein (83%) and Jersey 
(82%) breed showed total serum protein levels above 5.5 g/dL. Holstein cows housed in individual 
paddocks with diet supplementation provided better quality of colostrum (93.57 mg Ig/mL). Over 
time, the percentage of fat reduced at freezing, that reduced over time (p<0.05) in Experiment II. 
Conclusions. The pre-partum management exerts influence on colostrum quality, and the freezing 
not interfere on centesimal and immunological quality of colostrum, with exception the fat, that 
decrease along the time.

Keywords: IgG, immunity, calf, pre-partum (Source: CAB, MeSH).

RESUMEN

Objetivo. Los objetivos de este estudio fueron evaluar si la calidad del calostro se modifica por las 
características genéticas, fisiológicas y de manejo en el período pre-parto, así como evaluar si la 
calidad y composición del calostro se altera en el proceso de congelación. Material y métodos. En el 
experimento I, se recogieron muestras de calostro y sangre de 35 vacas (18 Holstein y 17 Jerseys). 
En el experimento II, se recolectaron seis muestras de calostro de vacas Holstein y se congelaron 
durante 60 días. Resultados. La concentración media de inmunoglobulina G (IgG) fue de 77.65 mg/
ml en Jersey y de 82.77 mg/ml en Holstein. La genética, el orden de parto y la interacción entre estos 
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factores no fueron significativos en la concentración de IgG en el calostro. Además, se observó un 
efecto genético de la vaca en el peso en la cría al nacer y en los tres días de edad (p<0.0001). Con 
respecto a la transmisión de inmunidad pasiva de terneros, no se observaron efectos de la raza de la 
vaca y el orden de parto en la concentración de proteínas plasmáticas de la ternera, así como después 
de tres días de congelación. Las razas de becerros Holstein (83%) y Jersey (82%) mostraron niveles 
de proteína sérica total por encima de 5.5 g/dL. Las vacas Holstein alojadas en potreros individuales 
con suplementos dietéticos, proporcionaron una mejor calidad de calostro (93.57 mg IgG/mL). Con 
el tiempo, el porcentaje de grasa cambió al congelarse, que se redujo con el tiempo (p<0.05) en 
el Experimento II. Conclusiones. El manejo previo al parto influye en la calidad del calostro, y la 
congelación no interfiere en la calidad centesimal e inmunológica del calostro, con excepción de la 
grasa, que disminuye a lo largo del tiempo.

Palabras clave: IgG, inmunidad, pantorrilla, pre-parto (Fuente: CAB, MeSH).

INTRODUCTION

Consumption of colostrum is vital to augments 
the survival rate of dairy calf, and some articles 
have reported deficiencies on quality and 
quantity of colostrum produced by dairy cows 
(1), and the genetic group or birth order are 
factors that interferes on colostrum quality (2,3). 
Overall, colostrum is composed by essential 
nutrients to calves, and the immunoglobulins 
is present in high concentrations, followed by 
cytokines, maternal leukocytes, proteins, fat, 
lactose, minerals and vitamins; also, colostrum 
present epidermal growth factor and insulin-
like growth factor (4). These nutrients can be 
measured to understand the quality of colostrum, 
being a colostrum with excellent quality when 
the concentration of immunoglobulin G (Ig) is 
superior to 50 mg/ml of milk (5).

According to researchers (6), the implantation of 
colostrum banks is considered a viable alternative 
to reduce problems linked to cows that produce 
colostrum with lower quality. Frozen samples 
supplied from colostrum banks may meet calf 
needs in possible mishaps, however, animals fed 
with frozen colostrum may have an innate slower 
response than those receiving fresh colostrum 
(7) since previous studies have identified that 
after the freezing process the cells were not 
viable (8). Thus, its storage in considered a 
valid alternative, but is need to know about the 
maintenance of the colostrum quality throughout 
its freezing. The aim of this study was to evaluate 
whether colostrum quality is modified by genetic, 
physiological and management characteristics 
in the pre-partum period, as well as evaluate 
whether quality and composition of colostrum 
is altered in the freezing process.

MATERIAL AND METHODS

Experiment I.

Location and animals. This experiment 
was carried out in dairy farms located in the 
municipality of Pinhalzinho, state of Santa 
Catarina, Brazil. Were evaluated colostrum 
samples from 35 dairy cows (18 Holstein and 
17 Jersey), and the pre-partum management 
classified as follow: individual paddock with 
adequate diet to the pre-partum period; 
collective paddock (for dry cows, heifers and pre-
partum cows) without provision of a pre-partum 
diet or without batch separation (kept with 
lactating cows). This experiment was initiated as 
soon as the calves birth, to avoid interference of 
managements. The 18 Holstein cow produced 17 
Holstein calves and 1 Holstein x Jersey calf, while 
the 17 Jersey cows produced 12 Jersey calves 
and 5 Holstein x Jersey. Thus, the data regarding 
crossbreed calves were not collected in order to 
avoid interference on performance data.

Sampling and analyzes. Colostrum samples 
were collected individually using a mechanical 
milking sequential to birth. In births during 
the day, the colostrum was collected before 
calf suckling, while in the nocturne births the 
colostrum was collected in the next day only from 
udder areas not sucked by the calf. An aliquot of 
250 ml was used to evaluate the concentration of 
immunoglobulins using a specific colostrometer 
(Biogenics, Nascofarma & Ranch, EUA) at 
environmental temperature (25°C) according 
the scale proposed by Fleenor and Scot (9), 
being: until 21.8 mg/L: low quality colostrum; 
22 to 49.8 mg/L: intermediate quality colostrum; 
superior to 49.9 mg/L: high quality colostrum. 
Estimation of birth weight was performed using 
measuring tape (Bovitec®), following the method 
described (10). Calves were fed with four liters 
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of colostrum within the 8-hour period after birth. 
At the third day of life, the calves were again 
weighed (11).

The fecal condition was observed following the 
methodology described by Larson et al. [12], 
which is based on fecal score and fluidity: (a) 
normal and solid; (b) pasty but with health 
aspect; (c) aqueous consistency and (d) fluid 
consistency. Blood samples of all calves (n=35) 
were collected from jugular vein in tubes without 
anticoagulant, that remained under refrigeration 
until serum separation. Thereafter, two samples 
of each animal were divided, as follow: the first 
samples were used to quantity the content of 
plasmatic proteins using refractometer (Model 
ITREF-200, Instrutemp, SP), and the second 
was stored at –4ºC during three days to verify 
whether freezing is capable to alter the serum 
protein concentration.

Statistical analysis. A complete randomized 
design (2x5 factorial scheme), comprised of the 
two breeds and the five orders of delivery, was 
used as statistical design. Data were submitted 
to analysis of variance and significance was given 
by the F test at 5% probability.

Experiment II.

Location, animals and sampling. The results 
obtained in the experiment I stimulated the 
development of experiment II, since was 
verified the existence of elevated variation on 
immunological quality of bovine colostrum. 
Thus, 1 L of colostrum from 6 Holstein cow 
(multiparous) located in Xanxerê (Santa 
Catarina, Brazil) were collected and analyzed 
until 6 h postpartum, later, divided into two 
aliquots and submitted to freezing (-20ºC). Thus, 
after 30 and 60 days of freezing, the samples 
were thawed in a water bath at 25ºC, the ideal 
temperature for colostrum composition and 
quality analysis.

Analyzes. Fresh and frozen samples were 
homogenized to evaluate the levels of 
immunoglobulins using colostrometer following 
the method described by Silper and collaborators 
(2). Thereafter, the centesimal composition 
(fat, protein, lactose, density and minerals) was 
analyzed using infra-red (LactoStar Funke Gerber).

Statistical analysis. The data were submitted 
to the normality test (Shapiro-Wilk) and 
transformed to logarithm. Afterwards, the data 
were submitted to analysis of variance over 
time (day 1, 30 and 60), and the results were 
presented as mean and standard deviation.

RESULTS

Experiment I. No significant difference was 
observed regarding genetics groups and 
birth order, as well as its interaction, on Ig 
concentration of colostrum (p>0.05) (Table 1). 
The mean Ig concentration was 77.65 mg/ml to 
Jersey cows and 82.77 mg/ml to Holstein cows. 
Also, for Holsteins cows, 11.1 and 88.88% of 
samples were classified as average and high 
quality, respectively. On the other hand, 5.88 and 
94.12% of samples of Jersey cows were classified 
as average and high quality, respectively. 

Table 1. Immunoglobulin concentration (mg/ml) on 
colostrum of Holstein and Jersey cows.

Breed
Cow 

parity
CI

P-value

Breed (B) Birth 
order (BP) B x BP

Holstein

1 75.0 ±30.41

0.727 0.910 0.238

2 63.3 ±5.77

3 97.5 ±40.31

4 85.0 ±23.80

5 86.2 ±36.37

Jersey

1 93.3 ±27.53

2 93.3 ±11.54

3 74.0 ±20.73

4 65.0 ±7.07

5 65.0 ±25.16

CI= Concentration of immunoglobulins, Mean followed by standard 
deviation.

Was observed an effect of genetic of the cow in 
the weight on calf in the birth and on three days 
of age (p<0.0001). At the birth, the calves of 
the Holstein and Jersey cows weighted 39.00 (± 
4.9) and 28.41 (±2.6) kg, respectively, and on 
three day of age 38.55 (±4.8) and 28.29 (±2.8) 
kg, respectively.

Regarding transmission of passive immunity to 
calves, no significant effects of cow breed, birth 
order and its interaction were observed on plasma 
protein concentration of calves (p>0.05). It was 
not observed significant difference on serum 
protein concentration after three days of freezing, 
since the values observed at the time of collection 
were exactly the same as those observed after 
three days. Due to this equality, the data were 
not presented. Is important highlight that 83 
and 82% of Holstein and Jersey calves presented 
plasma total protein concentration above 5.5 g/
dl, respectively, which suggest that colostrum 
administration was efficient in the transmission 
of immunity (Table 2).
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Table 2. Plasma total protein concentration (g/dl) in 
calves of Holstein and Jersey cows, and its 
respective percentage found in each extract.

Calf bred Extraction (g/dL) Calves (%) 

Jersey

>5.5 82

5.4 – 5.0 6

< 5.0 12

Holstein

>5.5 83

5.4 – 5.0 11

< 5.0 6

Observing the data regarding managements during 
the pre-partum, the cows allocated in individual 
paddocks with pre-partum diet supplementation 
presented colostrum with better quality compared 
to others managements collective paddocks and 
without batch separation (Table 3). Regardless of 
the breed of calves, 94% presented normal fecal 
condition and 6% semi-pasty.

Table 3. Quality of the colostrum (mg/ml) with 
different pre-partum management (individual 
and collective) and effect of the diet supply 
specific for this period in Holstein and 
Jersey cows evaluated in the municipality 
of Pinhalzinho, SC.

Pre-partum management
Jersey Holstein

mg/mL

No feedlot separation 51.66 66.25

Collective paddock (dry cows, heifers, lactation) 82.50 81.42

Individual paddock with pre-partum diet 83.75 93.57

Experiment II. No significant difference was 
observed to colostrum IgG levels (p>0.05), 
percentage of protein, lactose, minerals and 
density (p>0.05) over the time. The percentage 
of fat in milk was the only factor that varied by 
colostrum freezing, which was reduced over time 
(Table 4).

Table 4. IgG levels and centesimal composition of colostrum from six cows of Holstein and Jersey cows after 
frozen at -20ºC.

Variable Animal Birth order Day 10 Day 30 Day 60 P-value

IgG (mg/mL)

1 1ª 100 105 93

*> 0.05

2 3ª 140 140 140
3 1ª 45 45 40
4 2ª 92 95 95
5 1ª 93 100 100
6 2ª 81 81 81

Mean and standard deviation (SD) 91.8 (± 30.6) 94.3 (± 31.1) 91.5 (± 32.2)  

Fat (%)

1 1a 4.87 4.82 4.36

*< 0.05

2 3ª 12.12 9.75 5.65
3 1ª 4.08 3.95 2.71
4 2ª 5.5 3.56 4.3
5 1ª 4.65 2.97 3.3
6 2ª 4.26 4.08 2.7

Mean and standard deviation (SD) 5.91 (± 3.0)a 4.85 (± 2.4)ab 3.83 (± 1.15)b  

Protein (%)

1 1ª 8.65 8.89 8.73

*> 0.05

2 3ª 12.2 10.6 9.73
3 1ª 5.13 8.59 5.36
4 2ª 7.99 7.04 6.8
5 1ª 7.86 8.19 7.6
6 2ª 7.97 8.04 8.0

Mean and standard deviation (SD) 8.20 (± 2.2) 8.57 (± 1.19) 7.7 (± 1.52)  

Lactose (%)

1 1ª 12.6 13.1 12.8

*> 0.05

2 3ª 17.8 15.4 14.2
3 1ª 7.5 8.5 7.8
4 2ª 11.6 10.3 10.4
5 1ª 11.5 12.0 12.4
6 2ª 11.6 11.8 13.3

Mean and standard deviation (SD) 12.1 (± 3.3) 11.8 (± 2.36) 11.8 (± 2.32)  

Minerals

1 1ª 0.65 0.66 0.68

*> 0.05

2 3ª 0.20 0.17 0.10
3 1ª 0.82 0.57 0.85
4 2ª 0.68 0.59 0.70
5 1ª 0.67 0.63 0.63
6 2ª 0.56 0.62 0.63

Mean and standard deviation (SD) 0.59 (± 0.21) 0.54 (± 0.13) 0.59 (± 0.26)  

Density

1 1ª 1.082 1.034 1.082

*> 0.05

2 3ª 1.112 1.090 1.092
3 1ª 1.046 1.052 1.048
4 2ª 1.073 1.064 1.070
5 1ª 1.072 1.079 1.500
6 2ª 1.074 1.075 1.065

Mean and standard deviation (SD) 1.076 (± 0.020) 1.066(± 0.02) 1.143 (± 0.17)  
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DISCUSSION

The bovine carry immunoglobulins (Ig) to 
colostrum via dependent-receptor (Fc-receptor), 
that is localized in the epithelial cells of 
mammary glands (13). The absolute number 
of receptors and its specificity can explain the 
difference on concentrations of Ig in colostrum 
samples (14). Colostrum quality is determined 
principally by Ig concentration (15). In this 
research, the concentration of Ig in colostrum 
samples can be considered at high quality, 
as recommended by literature (9). However, 
passage of Ig to colostrum is not absolutely 
dependent of receptors, and can be influenced by 
augmentation on performance rate, occurrence 
of metabolic problems, birth of preterm calves 
and hormonal factors (16).

When verified the effect of genetic group or birth 
order on colostrum quality, it was not observed 
difference, in disagree to observe by Silper et al 
(2). Also, the high weight to birth and on three 
days of age found in calves born of Holstein cows 
was attributed to another factors not directly 
associated to colostrum administration, since was 
observed an efficient colostrum administration 
at calves’ births from both breed. It is believed 
that these factors are associated with cow’s age 
and feeding during the gestation period

Neonatal diarrhea can be provoked by 
combination of infectious and non-infectious 
causes (17). The most common are caused by 
failure of passive antibody transfer, inadequate 
volume of colostrum and impairment on handling 
(17). Occurrence of diarrhea presents negative 
correlation with quantity of colostrum ingested 
by calf, i.e., lower intake of colostrum by the calf 
in the first hours of life augments the propensity 
to occurrence of diarrhea (15). In our preset 
study, it was not observed diarrhea in the 
animals with 3 days of age, but the diarrhea in 
calves is commonly caused by Escherichia coli, 
Rotavirus, Coronavirus and Cryptosporidium 
parvum (17,18).

The concentration of Ig found in colostrum of 
cows of 1º and 2º birth order are superior to 
found in the literature (61.98 mg/ml) (3). The 
order of lactation of cows can induce alterations 
on Ig levels, since multipara cows with 3 to 5 
lactations present superior Ig levels, and cows 
with 1 and 2 parturition produce colostrum 
with lower Ig levels (3). This variation on Ig 
levels can be justified by the lower number of 
vaccinations received by young cows compared 

to multiparous (3). Also, is important emphasize 
that individual evaluation of colostrum to 
evaluate its quality is considered primordial to 
colostrum administration management (2,3).

Ig concentration on colostrum is stable at 
environmental temperature until 4 h after the 
parturition, and after this period the IgG levels 
reduce significant (3), and in this way, the 
freezing process of colostrum does not promote 
a reduction in the immunological quality of 
colostrum. Colostrum is frequently preserved to 
future use by refrigeration for a limited period 
of time (9), and the freezing result in virtually 
no nutrient loss (protein, total solids, minerals 
and lactose) during storage, but requires extra 
handling and careful thawing for proper activity 
(9,19). Also, the content of IgG was not affected 
by the freezing process (9).

The freezing process aims to preserve the 
quality of colostrum to possible use in calves in 
critical moments, as: the quality of colostrum 
produced by mother is low, insufficient volume 
of colostrum and in severe cases due to the 
loss of the mother (20). In this sense, studies 
regarding colostrum preservation have been 
observed in the literature using different forms, 
as refrigeration, freezing, chemical additives, 
pasteurization and lyophilization (21,22,23,24). 
However, it was not possible to establish the time 
that the colostrum remains with the same quality 
without changing the composition.

The results found in the present study 
demonstrated that quantity of fat reduce with 
storage time (-20°C), and was similar to that 
found by Angulo et al (3), who reported 5.2% 
and Sobczuk-szul et al (23) who reported (5.7%) 
up to 1 h after delivery.  In this study, colostrum 
freezing was performed until 6 h after the birth. 
Monthly for 3 months a sample of colostrum was 
thawed to perform the quality analyzes, which 
observed a reduction in the milk fat content 
explained by the literature by the continuous 
action of lipolysis during freezing and also by 
the adherence of the molecules in the flask 
(25,26,27).

The mean values of protein and lactose found in 
colostrum samples differs to found by Foley and 
Otter (28), that was 12.7% to protein and 2.9% 
to lactose. These authors related that difference 
on milking, feed, genetic group and hygiene 
degree promotes differences in the centesimal 
composition of colostrum. The mean mineral 
content is below that described by literature (28), 
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while the mean value of density is in agreement 
with the value presented by the same authors.

In conclusions the management during pre-
partum influences the colostrum quality. The 
genetic group and cow parity do not influence 
the colostrum quality and in the transference 
of passive immunity to calf. The freezing 
process does not interfere with the immune and 
centesimal quality of colostrum, except for the 
fat that decreases over time.
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